Sexual conflict may result in the escalating coevolution of sexually antagonistic traits. However, 2 4 our understanding of the evolutionary dynamics of antagonistic traits and their role in association 2 5 with sex-specific escalation remains limited. Here we study sexually antagonistic coevolution in 2 6 a genus of water striders called Rhagovelia. We identified a set of male grasping traits and 2 7 female anti-grasping traits used during pre-mating struggles and show that natural variation of 2 8 these traits is associated with variation in mating performance in the direction expected for 2 9 antagonistic co-evolution. Phylogenetic mapping detected signals of escalation of these sexually 3 0
1 0 0 males use the sex combs to clasp the pronotum of the female and tighten the grip on her legs 1 0 1 using their modified rearlegs (Supplementary video 1). Females shake their body vigorously and 1 0 2 perform repeated somersaults, which frequently result in rejecting the male (Supplementary 1 0 3 video 2, Table 1 ). The struggles are vigorous and their duration is typically 0.68 +/-0.99 seconds 1 0 4 in average, but can vary between fractions of a second (<0.15 seconds) to several seconds (9.75 1 0 5 seconds) ( Figure S2B ). These pre-mating struggles are indicative of sexual conflict over mating 1 0 6 rate and the sex-specific modifications we observed might be the result of antagonistic 1 0 7 interaction between the sexes in this species. Artificially generated variation in sexually antagonistic traits is known to results in variation in 1 1 1 mating success (20) . Here, we wanted to test whether natural variation in male persistence and 1 1 2 female resistance traits is also associated with variation in mating success. In R. antilleana, only females are those who reject males after pre-mating struggle ( Figure S3 ). We found that 1 2 2 successful males have significantly more rear-leg tibia spikes and thicker rear-leg femurs 1 2 3 compared to unsuccessful males (respectively Wilcoxon test: p = 0.045*; Student t-test: p = 1 2 4 0.02*; Figure 3A and B), however body size, number of spikes on rear-leg femur, and the length 1 2 5 of rear-leg tibia and femur did not significantly differ between the two groups (Figure 3 C-F). This result highlights the importance of the rear-legs for increasing male mating frequency and 1 2 7 therefore male fitness (1). In females, our data indicated that individuals with a pronotum 1 2 8 projection were significantly more efficient in rejecting males than females with narrow 1 2 9 abdomen (Cochran-Mantel-Haenszel chi-squared test: 23,45; df = 2; p-val: 8.089e-06***; 1 3 0 Figure 3G ). To further test the validity of this conclusion, we conducted an experiment where the 1 3 1 performance of 30 wingless females (narrow abdomen and absence of pronotum projection) was 1 3 2 compared to that of 18 winged females (wide abdomen) from which we amputated the pronotum 1 3 3 projection. We found that winged females with amputated pronotum projection were less 1 3 4 efficient at rejecting males, which resulted in higher mating frequently ( Figure 3G -H). This female's ability to resist harassing males. Therefore, alternative morph-specific strategies experiments demonstrate that natural variation in sexually antagonistic traits is associated with 1 3 9 variation in the ability of both sexes to control mating rate. Because natural variation in antagonistic traits can result is variation in the performance of males 1 4 3 and females during pre-mating struggles, we investigated which factor might influence this 1 4 4 9 variation. Many studies described the presence of trade-offs between flight capability and certain 1 4 5 life history traits such as fertility in a number of insects (22) (23) (24) . We therefore tested whether 1 4 6 wing polymorphism in Rhagovelia antilleana affects variation in male's and female's sexually 1 4 7 antagonistic traits. The pronotum projection, a sexually antagonistic trait that increases the ability terms of secondary sexually antagonistic traits (2, 13, 14) . We generated a matrix of these traits 1 7 4 in both males and females in a total of thirteen species including nine Rhagovelia and four 1 7 5 closely related outgroups (Table S1 and S2). We mapped both male and female traits on a Figure S5 , Figure S6 ). Our reconstruction showed a strong phylogenetic signal where males of To determine if the pronotum projection in females influence the duration of interactions, we 2 8 0 recorded the time of the interactions for 36 non-virgin couples composed of one male and one 2 8 1 female (18 wingless and 18 winged females) during 20 minutes each using a stopwatch with 2 8 2 centisecond option. Interactions shorter than 0,15 seconds were too fast to take not and were not 2 8 3 take into account in the analysis of data. A total of 604 and 489 interactions were recorded for 2 8 4 respectively winged and wingless females. Non-virgin males and females were isolated into two different buckets, one for each sex, during 2 8 8 5 days to increase the motivation to mate. We set-up 10 tournaments between 8 males and 8 2 8 9 females (80 males and 80 females in total) to split them in three different categories: successful, 2 9 0 intermediate and unsuccessful, depending the ability in copulating for males and the ability in rejecting male for females. Both males and females were introduced at the same time in a 2 9 2 common bucket of water. During the first round, for each mating we removed the couple and interrupted the mating by separating the male and the female in order to preserve the motivation to mate for the second round. The male was classified as successful and the female as unsuccessful. Inversely, the remaining males that did not succeed to mate were classified as 2 9 6 unsuccessful in mating and remaining females as successful in rejecting. The first round goes on 2 9 7 until we obtained 4 successful males and 4 unsuccessful females ( Figure S3 ). The different 2 9 8 rounds of this experiment occurred for few minutes to several hours depending on the activity of 2 9 9 the bugs. For the second round, we used two different buckets. In the first bucket, we introduced, each mating, we removed the couple, as in the first round. The second round goes on until we 3 0 3 obtained 2 successful males and 2 unsuccessful females per buckets. At the end, we were able to 3 0 4 obtain the following rank for both males and females: successful for males that have mated twice unsuccessful for males that have never mated and for females that mated twice ( Figure S3 ). Then, using SteREO Discovery V12 (Zeiss) with ZEN 2011 software (Zeiss) we took pictures of 3 0 8 each individual to quantify the individual phenotypes. We measured the length and the width of using forceps and kept these females in lab condition during one week to allow them to recover.
1 4
Then we set-up 6 new tournaments to compared the ability of these 18 winged females in Repository: Will be provided before publication. tournament using only the replicates where both morph types were present in order to compare 3 2 1 performance (i.e. winged vs. wingless; 9 replicates (72 females) for pronotum projection vs. Wilcoxon tests for analysis of male preference, duration of interactions, comparison of trait 3 2 7 values for successful and unsuccessful males, depending whether variables followed normal available in the Dryad Digital Repository: Will be provided before publication (or upon request). Repository: Will be provided before publication (or upon request). We created a matrix of presence/absence of secondary sexual traits for both males and females (Table S2 ). Based on our observation, we found eight traits in males; the sex combs in the forelegs, the different rows of spines (up to 5 rows) and the shape of the different segments of 3 4 8 rear-legs. In females, these traits include the pronotum projection and the narrow abdomen Specimens from Brazil were collected under SISBIO permit # 43105-1. Specimens from other 3 8 0 locations did not request any official authorizations. The data collected and resources used to perform analysis will be available on Dryad Digital 3 8 7
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